Abstract Multiple sclerosis (MS) commonly affects women in childbearing years making pregnancy issues important for patients with MS and their families. Pregnancy is a naturally occurring disease modifier of MS associated with a 70% reduction in relapse rates in the third trimester. This relapse rate reduction during the last trimester is roughly equal to the most effective disease-modifying treatments for MS. Given this efficacy, various pregnancy factors have been tested to determine which play a part in pregnancy's protection, and some have been translated to completed and ongoing phase II clinical trials. In contrast to protective effects during pregnancy, the postpartum period entails increased relapse risk, which may be due to either abrupt removal of protective pregnancy factors after delivery or to unique deleterious factors inherent to the postpartum period. The effect of breastfeeding on MS remains unclear. The best predictor for whether a patient will have a postpartum relapse is the incidence of her having active relapsing MS prior to pregnancy. The medical management of MS during pregnancy and the postpartum period is challenging given the risks of medication exposure to the fetus in utero and to the infant through breast milk. This review will focus on clinical aspects of pregnancy, including the effects of pregnancy on MS disease activity, as well as the medical management of MS during pregnancy and postpartum.
Multiple sclerosis (MS) incidence is 2 to 3 times higher in women than men. MS onset is common in women aged 20 to 40 years [1, 2] ; as these are childbearing years, the effect of pregnancy on MS is an important clinical issue.
Pregnancy has a beneficial effect in MS and its most widely used animal model, experimental autoimmune encephalomyelitis (EAE). Protection from EAE during pregnancy has been observed across a range of species [3] . Therefore, this protection is thought to be due to basic biologic mechanisms and is not limited to subjective perspectives or social effects of pregnancy in patients with MS. Immunomodulation of the maternal immune system is known to occur naturally and has long been thought to be protective for the developing fetus. A fetus is a half foreign allograft since it contains paternal proteins. Indeed, other cell-mediated autoimmune diseases also ameliorate during pregnancy, including psoriasis and rheumatoid arthritis [2] . Many changes occur during pregnancy, and any could be responsible for this immunomodulation, including an increase in estrogens (estradiol, estriol) and progesterone, to name a few. These hormones increase gradually during pregnancy and peak in the third trimester, the time of greatest disease protection. Other hormones such as cortisol also change, albeit to a lesser degree, during pregnancy. Additional molecules change very early after conception and are short lived, making them less likely to contribute to disease protection in the last trimester. Estrogens not only reach highest levels late in pregnancy, but have also been shown to be neuroprotective in several neurological disease models [4] [5] [6] [7] , and are known to play a role in normal cognitive Electronic supplementary material The online version of this article (doi:10.1007/s13311-017-0562-7) contains supplementary material, which is available to authorized users. development [8, 9] . We hypothesize that it is evolutionarily advantageous for a pregnancy factor to be both immunomodulatory and neuroprotective, because these properties increase the survival of the fetus as an allograft and protect the developing brain from injury during maternal insults. While this elegant mechanism may exist to protect the fetus, it is also ideal for mothers with MS.
Effect of Pregnancy on MS Relapses
For decades, it was anecdotally observed that women with MS appeared to have fewer relapses during pregnancy, but then had increased relapses postpartum. Further clinical observations noted that the onset of MS occurred in some patients during the postpartum period. In a landmark paper [10] , 227 patients with MS were followed prospectively and showed an approximate 70% reduction in relapse rates during the third trimester of pregnancy. In this same study, the postpartum relapse rate was higher than before pregnancy. Over the following postpartum year, this temporary increase in relapses subsided, and rates returned to baseline prepregnancy levels.
Other Effects of Pregnancy on MS
Whether the temporary protection from relapses during the late pregnancy and the temporary increase in relapses postpartum has a net effect on permanent disability accumulation has been controversial [11] [12] [13] . Short-term studies following patients for 2 years or less showed no net effect of a single pregnancy on disability level. However, longer-term studies following patients for many years suggested that women with multiple pregnancies have less disability and/or took more time to reach a given disability level [14] [15] [16] . In a cohort of 2466 patients followed for up to 10 years, a higher number of pregnancies were independently associated with lower disability scores [17] . However, this could have been due, in part, to a selection bias whereby women with less disabling MS were more likely to become pregnant multiple times. Based on the known effect of anti-inflammatory disease-modifying therapies (DMTs) in MS, where several years of continuous treatment modestly slows disability worsening, the worsening of disability would be unlikely given that temporary immunomodulation during the second half of pregnancy could result in permanent effects on disability. However, it is possible that repeated exposure to neuroprotective pregnancy hormones at high levels during the third trimester may impact rates of disability accumulation. This area warrants further study.
Another potential effect of pregnancy is that being multiparous, versus nulliparous, decreases a women's likelihood of developing MS. An Australian study of 282 patients with MS and 542 controls found that having increased numbers of pregnancies was associated with a lower risk of developing the first demyelinating event [18] . The effect of pregnancy decreased the risk with an odds ratio of 50% per pregnancy. This was an elegant study because focus on the first demyelinating event, instead of a relapse in established MS, permitted distinction between the biological effect of pregnancy on disease versus the potential bias that having disease may exert on the patient's decision to become pregnant. This study prompted speculation that the trend for women over the last several decades to delay their first pregnancy and have fewer children may contribute to the known increasing incidence of MS in females. Specifically, the female to male sex difference in MS incidence has increased from approximately 2:1 to 3:1 [19] . In summary, there is no proof that pregnancy can protect a genetically susceptible patient from developing MS. However, women with a family history of MS should be reassured that having multiple pregnancies will not negatively impact their risk of developing MS [20] .
Clinical Trials Aiming to Simulate the Protection of Pregnancy in MS
The strongest clinical observation to date of a naturally occurring disease modifier in MS is the 70% reduction in relapses in the third trimester of pregnancy. Preclinical studies showed that the pregnancy estrogen, estriol, was protective in EAE when used at a dose physiologic with levels during pregnancy [21] [22] [23] [24] [25] [26] . Translation to clinical trials followed. Estriol treatment using an oral dose of 8 mg per day to induce a pregnancy level in the blood of nonpregnant MS women was studied in phase II clinical trials. This rapid translation to the clinic was possible because of the pre-existing safety track record of estriol as one of the safest of estrogens [27] [28] [29] [30] , thereby circumventing the need for phase I toxicity studies. A pilot, single-arm, crossover phase IIa trial of estriol treatment showed an 80% reduction in gadolinium-enhancing lesions as compared with pretreatment on serial monthly brain magnetic resonance imaging (MRI) as the primary outcome measure [31] . Cessation of treatment showed an increase in enhancing lesion activity, and resumption of treatment showed another reduction in enhancing lesions. In addition, antiinflammatory effects in immune cells in the blood were shown [32, 33] .
Next, a double-blinded, placebo-controlled phase IIb trial of estriol treatment was done with the clinical outcome of relapse rate as the primary outcome measure [34] . This was unusual since phase II trials in MS have used the biomarker of MRI-enhancing lesions as the primary outcome. However, phase II trials in several other diseases have used a clinical outcome, instead of a biomarker, as the primary outcome measure, thereby creating essentially an underpowered phase III trial. The relatively smaller sample size of a phase II trial compared with a phase III trial required a p-value of 0.10, versus a p-value of 0.05, which was the case with the estriol phase IIb trial as well [34, 35] . The estriol trial in MS was an add-on study of estriol versus placebo, given in combination with standard of care treatment with glatiramer acetate (GA). In total, 158 patients with relapsing-remitting MS (RRMS) were randomized (1:1) to receive GA plus placebo or GA plus estriol for 24 months. Estriol treatment significantly reduced annualized relapse rates as the primary outcome measure and increased the time to first relapse as the secondary outcome, as prespecified. In addition, there were promising effects on exploratory outcomes, namely reducing fatigue, increasing performance on cognitive testing, and sparing cortical gray matter atrophy, each as compared with placebo. Poor compliance late in the trial resulted in significantly lower estriol levels at month 24, which coincided with the loss of effects on cognition and gray matter sparing during month 24 evaluations. Indeed, across the entire trial duration, higher estriol blood levels correlated with better cognition, and better cognition was correlated with cortical gray matter sparing. To follow up on these promising effects on cognition, another phase IIb, double-blinded, placebo-controlled trial of estriol treatment is ongoing with improvement in cognitive testing as the primary outcome measure (NCT01466114).
Regarding other pregnancy factors that could mediate disease protection during the last trimester of pregnancy, another trial treated patients with estradiol [36] . Synthetic estradiol in oral contraceptives was used at doses to induce blood estradiol levels physiologic with levels of the ovarian cycle. Higher doses of estradiol to mimic blood levels in the third trimester of pregnancy would not be well tolerated given the potential for deleterious effects due to the high affinity of estradiol for estrogen receptor alpha in breast and uterine tissue. MS women received either 40 mg or 20 mg ethinylestradiol, or placebo. This was an add-on study to standard-of-care treatment with interferon (IFN)-β1a. In total, 150 patients with RRMS were randomized (1:1:1) to receive IFN-β1a only or IFN-β1a with low-dose (20 mg) ethinylestradiol plus desogestrel or IFN-β1a and high-dose (40 mg) ethinylestradiol plus desogestrel for 96 weeks. The level of cumulative active inflammatory lesions on brain MRI was reduced by 26% with the 40-mg ethinylestradiol dose versus placebo, with the 20-mg dose having an intermediate, but not significant, reduction. However, this MRI outcome was not a prespecified primary endpoint, and there was no benefit on relapse rate or disability, the 2 primary endpoints. Another exploratory finding in the estradiol-containing oral contraceptive pill (OCP) trial was that the 40-mg dose was associated with better cognitive performance versus placebo, whereas the 20-mg dose was not [37] . Together these data reinforce the importance of estrogen type and dose in modifying MS.
Progesterone also increases gradually during pregnancy, reaching highest levels in the last trimester. Estrogens and progesterone drop precipitously after delivery. Along with this drop in female hormones, an increase in MS relapses is seen postpartum. Thus, a clinical trial of a synthetic progesterone treatment was undertaken to prevent postpartum relapses [38] . The choice of progesterone was based, in part, on preclinical data of well-characterized beneficial effects of progesterone on myelination [39, 40] . The trial was stopped early owing to futility. In hindsight, this was not surprising given progesterone's inconsistent effects in significantly ameliorating disease in the MS preclinical model EAE [41] [42] [43] [44] . Perhaps future trials could be designed to assess whether progesterone treatment improves remyelination as the primary outcome measure, since this would be more aligned with known progesterone effects rather than assessment of its effect on relapses.
While estrogens and progesterone play significant roles in pregnancy, they are not the only physiologic changes a woman under goes during gestation. Whereas the aforementioned clinical trials using estrogens show promise as being the principal factors responsible for the beneficial effects of pregnancy on MS, there are other factors that warrant further study. Indeed, while estriol is the most advanced in clinical trials, this does not rule out additional effects from other factors increased during pregnancy, including corticosteroids and vitamin D, particularly since synergism between these factors with estrogens has been reported [45] [46] [47] [48] [49] [50] .
Management of MS Medications During Pregnancy
Ideally, clinicians and their patients with MS should discuss family planning as early as possible in the course of treatment. This way, patients may make informed decisions about their medication choices during pregnancy while maintaining optimal disease protection throughout pregnancy and the postpartum period. Some patients do not consider pregnancy as a possibility or realize that they may need to stop medications several months prior to trying to conceive. By addressing these concerns early with a complement of medical professionals (including neurologists, maternal fetal medicine specialists, and lactation specialists among others), medical care of the whole woman can be optimized.
Fertility and MS
Patients with MS are not less fertile and do not have more difficulty in completing a pregnancy to term compared with healthy controls. That said, as in the general population, some patients with MS will experience infertility and wish to undergo treatment. The overall risk of infertility for couples in Western nations is roughly 10% to 20%. A recent prospective study by Correale et al. [51] in patients with MS aimed to identify what risks, if any, are seen with assisted reproductive technology (ART). 16 patients with MS undergoing ART were followed prospectively 12 months before and 9 months after their final cycle of ART. An increase in MS exacerbations and MRI lesion activity was seen compared with matched patients with MS not undergoing ART. Based upon this study, as well as other observational papers in ART, it is recommended that patients undergoing ART be cautioned about these risks and watched carefully for intervention as necessary. MS DMTs themselves, rather than the disease of MS, may affect a patient's ability to conceive or have a deleterious effect on the fetus. For example, traditional chemotherapy agents like cyclophosphamide may affect gamete production or viability. Hence, sperm and egg banking can be put forth as options for male and female patients if future children are desired after these treatments. Each DMT has different potential effects on the fetus, and they vary in the lengths of time they should be discontinued prior to any attempt to conceive. In this regard, the US Food and Drug Administration (FDA) classification system is helpful in identifying medications that may be more or less suitable for women (and men) with MS of childbearing age.
FDA Classifications
Clinicians typically turn to the FDA designations listed below to assess what the overall risk for a particular drug may pose to their patients who are pregnant or lactating: A) no evidence of fetal harm in human studies; B) no evidence of fetal harm in animal studies; C) evidence of fetal harm in animal studies or no data available; D) evidence of fetal harm in humans; use may be justified in some circumstances; X) evidence of fetal harm in humans; not indicated for use in pregnancy However, these safety categories during pregnancy are currently being revised by the FDA. During this transitional period, there are 2 FDA classifications being used by physicians. The above FDA pregnancy risk letter designations are still in use for prescription labeling for medications introduced prior to June 30, 2015 .
The newer drug labeling, currently being formulated, will summarize data concerning the known risks and benefits of a particular medication that is systemically absorbed during pregnancy and lactation, as well as any fertility implications for both women and men. Older medications will begin phasing in the use of the new narrative designations of risk for use in pregnancy and lactation soon.
The current FDA-approved DMTs and commonly used symptom management medications in MS are listed in Tables 1 and 2 respectively, along with their current pregnancy letter safety categories or narrative descriptions.
Contraceptive and Family Planning Issues
Roughly half of all pregnancies in the USA are unintended [52] . There are no hard data on the number of unplanned pregnancies specifically in patients with MS. It is possible that the MS population would be more likely to make a concerted effort in family planning given the impact the disease has on their social and economic futures, as well as the fact that they are on medications that can sometimes affect fertility or be teratogenic. Thus, clinicians may make an argument for using types of birth control that are most effective at preventing pregnancy in order to give patients as much control over their reproductive futures as possible. According to the Centers for Disease Control, the most effective types of birth control include implants or an intrauterine device, both of which result in < 1 pregnancy per 100 women in a year. This is considerably better than the oral contraceptive pill, which has a failure rate of up to 9% for typical use, and the male condom at 18%.
Overall, any type of contraception is safe for patients with MS and it is up to the patient to choose their preferred method with their primary care doctor or gynecologist. But many patients will ask if one type of contraception is preferable to another. Unfortunately, clinical data do not support a definitive choice. The dose and type of estrogen appear to influence outcomes in clinical trials in MS. Estradiol, or a synthetic variant of it, is the estrogen often in oral contraceptives, but some contain no estrogens and only progestins. Retrospective data assessing the use of OCPs did not show a beneficial effect in preventing subsequent development of MS; however, recent or current use showed some potential benefit [53] [54] [55] . Unfortunately, these studies grouped together various doses of estrogen containing OCPs, as well as progesterone-only OCPs, each taken for different durations per month. There is no evidence that low-dose estrogen containing OCPs would affect MS disease activity. Also, there is no current evidence that progesterone-only-containing OCPs or progesteronecontaining intrauterine devices would affect MS.
For patients with MS hoping to become pregnant, a planning visit should be scheduled at least 6 months in advance of efforts to conceive, to discuss when and if MS-related medications should be stopped. Some drugs are relatively safe for use during pregnancy, and others may need to be discontinued up to 6 months to 2 years prior to conception. Advice must be tailored to each patient based on risk of treatment-related adverse effects on pregnancy versus risk of MS relapses during the untreated period when the patient is trying to conceive.
The Use of DMTs During Pregnancy
In the past, it was generally advised that no DMTs for MS be taken during pregnancy as none was approved for use. Even today, there are no prospective studies or clear guidelines on the use of DMTs during pregnancy and lactation. However, there is some evidence from ongoing pregnancy registries that certain DMTs are relatively safer for the developing fetus. This may aid in decision-making for patients who either have a high level of MS disease activity or are having difficulty getting pregnant and do not wish to be off DMTs for a prolonged period of time.
In a particular study, GA was used by patients throughout pregnancy and no increase in malformations or miscarriages was seen compared with the normal population [56] . Interestingly, a low incidence of MS relapses was observed in the postpartum period. However, it is not clear whether this possible protection postpartum was due to continuation of GA treatment during pregnancy or due to a selection bias whereby GA-treated women had relatively milder disease prior to pregnancy. Also, in a recent registry of pregnancies exposed to GA, no increase in teratogenicity or miscarriage was seen. Based upon these studies and many others, GA is now approved in the European Union for use during pregnancy in patients with RRMS.
IFN-β has shown no teratogenicity in animal studies, but there was a minimal increase in miscarriage rate with supratherapeutic human doses, which led to its category C rating by the FDA. In a registry of IFN-β users as part of the German Multiple Sclerosis and Pregnancy Registry, there were 251 IFN-β-exposed pregnancies that showed no increase in preterm birth, spontaneous abortion, or congenital abnormalities compared with pregnancies unexposed to treatment [57] . Additionally, the Betaseron pregnancy registry of 99 patients with MS who used IFN-β almost exclusively in the first trimester did not show any increase in miscarriage or birth defects [58] . This is similar to the results of the Avonex Pregnancy Exposure Registry (IFN-β1a, n = 306). Based upon these long-term results, it is now considered safe to continue IFN until conception or stop 1 cycle prior if an abundance of caution is desired.
Fingolimod has a known association with cardiovascular malformations and increased spontaneous abortions in pregnant animals and is classified as category C. During the Overactive bladder C Dalfampridine Improved walking speed C preclinical trials using fingolimod, 66 pregnancies were identified with in utero exposure, but no firm conclusions could be drawn owing to small sample size. An official pregnancy registry for fingolimod is ongoing [59] . A monitoring study of almost 200 pregnancies with exposure to dimethyl fumarate from preclinical and postmarketing settings showed no increase in adverse pregnancy outcomes or fetal risks compared with the general population [60] .
Interestingly, teriflunomide, which is a category Xdesignated DMT based upon its known teratogenicity in animals, had a pregnancy and paternal exposure series that showed limited risks, if any, to the developing human fetus. Teriflunomide is also unique in that it is found in human semen in small amounts, but it is not known to damage sperm or affect male fertility. In this retrospective analysis, 83 pregnancies in females and 22 pregnancies that were the result of teriflunomide-exposed male patients were identified. Only 26 of the female pregnancies were carried to term and exposed to teriflunomide and 19 of the male exposed pregnancies. The bulk of these patients used the accelerated elimination procedure to decrease teriflunomide exposure once pregnancy was identified. None of the drug-exposed infants had any significant congenital abnormalities and no increased spontaneous abortions were seen [61] . The remaining pregnancies resulted in induced abortions. Despite these encouraging findings for patients who become pregnant on teriflunomide, the strong recommendation remains to use consistent and effective birth control while on this drug to prevent pregnancy and offer accelerated elimination of teriflunomide if conception is desired or an unintended pregnancy arises.
Results from the Tysabri Pregnancy Exposure Registry, which enrolled 369 patients with MS and 7 patients with Crohn's disease, demonstrated a slightly elevated risk of fetal malformations of 5.05% verus the 2.67% standard reference rate for the general population. As no consistent pattern of congenital defects was seen, no definitive drug effect was concluded. Most of the patients in this registry discontinued study drug during the first trimester, and the remainder generally within 3 months prior to conception. Relatively few studied continued the drug into the second and third trimesters. Natalizumab has been shown in animal studies to cross the placenta and was associated with hematologic abnormalities, although this effect is still being studied in humans. A small case series of 13 pregnancies in patients with aggressive MS with third trimester exposures to natalizumab displayed hematologic abnormalities in 10/13 births [62] . At this time, current prescribing information for natalizumab advises clinicians to weigh the benefits to the mother with aggressive disease and potential risks to the fetus when deciding whether or not to continue this DMT throughout pregnancy.
Overall, none of the DMTs used in MS is approved for use during pregnancy in the USA. FDA-approved DMTs not discussed above (e.g., daclizumab, alemtuzumab, ocrelizumab) have limited information available and no definitive conclusions as to their effects on the developing fetus. Each neurologist, in consultation with their patient, must seriously evaluate these medications' risk/benefit ratio with regard to patients who are interested in pregnancy. Ideally, this decision is made in consultation in a multidisciplinary manner with the patient's maternal/fetal/lactation specialists, if possible. Some general recommendations regarding the timeframes for stopping DMTs prior to conception and pregnancy are summarized in Table 3 .
Breastfeeding and MS
One of the most common questions from pregnant patients with MS is how to navigate breastfeeding with respect to the use of disease-modifying medications. Informed decisions are needed regarding whether to breastfeed, for how long, and when to restart DMTs postpartum. The American Academy of Pediatrics currently recommends exclusive breastfeeding for infants for the first 6 months and then continued nursing after the introduction of solid foods for 1 year total or beyond when possible or desired by the mother. Theoretically, breastfeeding could affect the rate of postpartum relapses in the mother and/or impact the infant's development through medications that pass through breast milk to the infant. While there are no definitive answers, these issues warrant a review of information available to date.
Effect of Breastfeeding on MS
Several prospective studies and meta-analyses have looked at the effect of breastfeeding on postpartum MS relapses. No clear evidence exists that breastfeeding provides sufficient protection from relapses to warrant not restarting DMTs shortly after giving birth in women with active relapsing disease prior to pregnancy.
In the landmark study showing the significant reduction in relapse rates during the third trimester of pregnancy with rebound relapses postpartum, breastfeeding had no effect on postpartum relapses [10] . A follow-up analysis identified that the single best predictor of having a postpartum relapse was the pre-pregnancy relapse rate [64] .
Another prospective study enrolled 201 women with MS, following them from pregnancy to 12 months postpartum and assessed the effect of breastfeeding on relapses. Women who breastfed were categorized into 2 subgroups: those who breastfed exclusively with no supplemental feedings for at least 2 months (n = 120) and those who breastfed partially but not exclusively (n = 81). In the first 6 months postpartum, the exclusive breastfeeding group had fewer relapses than women who partially breastfed or did not breastfeed at all [65] . However, the exclusive breastfeeding group also had fewer relapses during pregnancy and restarted DMTs in fewer numbers in the first 30 days postpartum. They also had used DMTs less frequently before conception than the nonexclusive group. Conversely, the nonexclusive breastfeeding group was more likely to be using DMTs at conception and to have a relapse during pregnancy. Thus, the nonexclusive breastfeeding group may have had more active MS which would likely be associated with restarting DMTs earlier. This hypothesis is consistent with authors of the PRIMS study, who concluded that the protective effects of breastfeeding may be confounded by the fact that patients with milder MS choose to breastfeed as compared with their counterparts with more active disease [64] . Additionally, a meta-analysis regarding breastfeeding and MS relapses also raised similar questions of whether or not the protective effect of breastfeeding on MS relapses was related to the confound of selection bias in the choice to breastfeed [66] . Mechanistically, it is unclear how breastfeeding would protect from relapses. Prolactin would continue to be high in those who are breastfeeding and prolactin has shown proinflammatory properties [67] . However, prolactin has shown neuroprotective properties related to remyelination [68] , but this would not necessarily translate into an effect on relapse rates.
Overall, there are no clear answers as to when to restart DMTs and potentially interrupt or stop breastfeeding in patients with MS postpartum. Patients with more active disease prior to pregnancy may have more relapses postpartum and traditionally may be counseled to restart DMTs earlier.
However, patients with milder MS may also have relapses postpartum. Individual patients and their clinicians must weigh their decision to breastfeed on a case-by-case basis as there is no conclusive evidence to support either choice.
Breastfeeding and DMT Use
To date, the FDA has generally recommended discontinuing DMTs while breastfeeding. Interestingly, this has not been based on scientific study but is more of a cautionary stance as there has not been enough concrete information on the excretion of the various MS medications into human breast milk or their effect on a developing infant. Some lactation studies have been undertaken recently looking at the relative infant dose (RID) received of DMTs when a mother with MS is nursing.
IFN-β1a is not generally excreted in breast milk owing to its large protein size and because it exists in a bound state with low plasma levels in the mother's body [69] . Additionally, beta IFNs are not orally bioavailable. This means that any small amount of beta IFNs present in breast milk are broken down and inactivated when ingested by an infant. In a study of 6 nursing mothers, the IFN-β1a calculated RID was only 0.006% of the maternal dose and no side effects were seen in the infants. Therefore, the authors concluded that it should be theoretically safe for a patient with MS to continue IFN-β1a while nursing. It is not known how applicable these data are to patients taking higher doses of beta IFNs, but given their similar molecular weight they most likely have similarly low levels in breast milk.
Natalizumab is excreted into breast milk, and the concentration of this medication therein appeared to increase by day 50, as observed in a case report of a mother who started therapy while breastfeeding and had 2 doses of natalizumab at day 1 and day 29 [70] . The authors theorized that this increase in concentration may be due to the time it takes for natalizumab to reach a steady-state plasma level in the mother (about Mitoxantrone is a FDA-approved therapy for MS that is no longer commonly used as a DMT. It was studied in one mother who received 3 infusions. Although the calculated RID was between 2% and 12%, because of the medication's high toxicity potential to the infant, it was deemed too risky to use while breastfeeding [71] .
Newer FDA-approved therapies for MS have not yet been quantified in human breast milk and no RID has been calculated. Unfortunately, mouse and rat models are not useful in predicting human breast milk excretion and cannot be used as a predictor. However, as described above for other medications, one can infer the likelihood of whether or not a medication will be transferred into human breast milk based on the molecular weight, known protein binding, volume of distribution, lipid solubility, and if there are known active transport mechanisms for the drug [71] . Additionally, medications pass through the gut and liver of the infant and can be broken down via the first-pass effect. Finally, older infants are better able to metabolize than younger infants and may be able to tolerate medications better. Given the lack of data on breast milk transmission by DMTs and the fact that none is FDA approved for use during lactation, most patients will be counseled not to use DMTs at all while breastfeeding. However, by considering the probable transmission during lactation as summarized in Table 4 [71], patients and their clinicians can determine the best DMTs to take while breastfeeding if so desired. The authors of this paper recommend using caution in recommending nursing while using DMTs with considerable potential toxicity, even if it is unlikely to be transmitted into human breast milk.
Management of Acute Relapses During Pregnancy and Breastfeeding
In nonpregnant or non-nursing females, most MS relapses are treated with intravenous methylprednisolone or its oral equivalent. For MS relapses during pregnancy, intravenous SoluMedrol is considered safest to use during the second and third trimesters as Solu-Medrol is inactivated by the placenta. Steroids are generally avoided during the first trimester since they have been associated with craniofacial abnormalities. Intravenous immunoglobulin (IVIG), however, may be used safely throughout pregnancy and therefore may be preferable during the first trimester [72] .
Traditionally, it was recommended that a nursing mother stop breastfeeding when taking steroids as they were known to be excreted into breast milk [72] . However, until recently this amount of excretion had not been quantified. One mother with MS undergoing treatment with intravenous methylprednisolone once a day for 3 days submitted breast-milk samples for analysis. Her infant did not breastfeed during this timeframe. Breast-milk concentrations of methylprednisolone were highest at 1 h after administration and quickly tapered off. Another study determined that even though the intravenous steroid dose delivered to the mother was quite high, the RID that would be ingested by an infant was only between 1.1% and 1.5%, well below the generally accepted limit RID of 10% for medications excreted into breast milk [73] . It was also below the calculated dose of methylprednisolone on a mg/ kg/day basis for infants who require steroid treatment for pediatric medical conditions. Nevertheless, the authors concluded that if a mother with MS desired to continue breastfeeding while being treated with a short course of IV methylprednisolone, she could consider doing so 2 to 4 h after each of her intravenous doses. IVIG is also used for the treatment of MS relapses and has long been considered safe to prescribe to a lactating mother, based upon a retrospective study of 28 patients treated throughout pregnancy and postpartum with IVIG where no adverse effects were observed in the fetus, infant, or mother. For this reason, IVIG has often been the preferred medication when treating MS relapses in the pregnant and/or nursing mother [72] .
Another consideration when a relapse arises in a pregnant or nursing mother is the potential need for further testing (e.g., MRI scanning) to assess for new lesions. The use of MRI is considered safe during pregnancy. Traditionally, it has been recommended that MRI is avoided during the first trimester owing to its potential to heat developing tissues, but a recent analysis has not shown increased risk to a fetus for noncontrast MRI. The use of the contrast agent gadolinium, however, is strongly discouraged during any trimester of pregnancy unless its benefits to the mother outweigh the risks since it may have a multitude of negative effects on the developing fetus and early childhood, including rheumatologic disorders, skin and inflammatory conditions, and neonatal death [74] . All other common tests used in patients with MS, such as evoked potentials and lumbar punctures, are safe for use during pregnancy.
Gadolinium contrast is excreted in breast milk in very small amounts and the overall amount transferred to the infant orally is < 1% of the intravenous gadolinium dosage a newborn would receive for a radiologic procedure [75] . Additionally, only a fraction of that fraction of contrast would actually be absorbed from the infant's gut, calculated to be roughly 0.0004% of the mother's intravenous dose [76] . According to the American College of Obstetrics and Gynecologists' guidelines, patients can either continue breastfeeding or, if they wish to avoid any ingestion at all by the infant, they can Bpump and dump^for 24 h after gadolinium contrast exposure.
When comparisons are made between gadolinium exposure levels in the breastfeeding infant to exposure levels in an infant undergoing an imaging procedure by the pediatrician, it is important to appreciate that the risk:benefit ratio is very different. In the former, risk of gadolinium is weighed versus breastfeeding of a healthy infant, while in the latter, risk of gadolinium is weighed against the need for a medically indicated intervention in the infant. Minimal to no risk is acceptable in the former, whereas some risk is acceptable in the latter.
Overall Conclusions
Pregnancy is clearly a major disease modifier in MS with relative protection from relapses during the third trimester and rebound relapses postpartum. Whether being multiparous has long-term beneficial effects on disease susceptibility or disability remains unknown. Clinical trials have aimed to simulate pregnancy's beneficial effect. Two phase II trials have been promising for estriol, with a third trial ongoing (NCT01466114). In a trial using estradiol, there was a trend of benefit that was dose dependent, while a trial using progesterone treatment was negative. The use of MS treatments to manage disease requires the clinician and patient to work closely in planning for an optimal outcome for both the patient and child. Key factors to consider are the timing of conception in relation to MS medication use, treatment of relapses before, during and after pregnancy, and balancing the desire to breastfeed with the need for MS medication. By outlining options in advance, patients and their healthcare team can together manage disease while reducing the risk of exposure to medications by the developing fetus or breastfeeding infant.
